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Spectrophotometric studies of iron(III)-3-mercuri-5-sulphosalicylic acid system indicate the
presence of a 1: 1 complex in the pH range 1-3. The apparent equilibrium constant (kD has
been determined from elimination and slope-intercept methods. Determining k~at different pH
values and plotting log ki against pH, it has been demonstrated that during complex formation
the hydrogen from carboxyl as well as phenolic group dissociates even at low pH. The second
and third dissociation constants of 3-mercuri-5-sulphosalicylic acid have been determined
spectrophotometrically and pKc values are found to be 2·43 and 12·03 respectively at an ionic
strength of 0·1. The respective thermodynamic values are: pK2 = 2·89 and pK3 = 12·68. The
stability constant of the complex has been calculated from the apparent equilibrium constant
at ionic strength of 0·1. After introducing a correction factor to account for the hydrolysis of
uncomplexed iron(III), the stability constant value works out to be 15·28.
LIKE S-sulphosalicylic acid (SSA), 3-mercuri-s-sulphosalicylic acid (HgSSA) forms complexeswith various metal ionsv+, In order to
calculate the stability constants of these complexes
it was found necessary to determine the dissociation
constant of carboxyl and phenolic groups of HgSSA.
HgSSA forms violet coloured complex with Fe(III)
in acid solution. In this paper we report the
composition and the stability constant of this
complex. The effect of pH on the stability constant
has also been studied.
Materials and Methods
HgSSA was prepared by the method of Singh and
Satya Prakash", In water HgSSA forms a colloidal
solution and it was not possible to use the colloidal
solution. Hence, sodium chloromercuri-sulphosali-
cylate was used in place of mercuri-sulphosalicylate.
A solution of this compound in water behaves like
a true solution. A stock solution of this was
prepared by dissolving HgSSA in water followed
by the addition of excess of NaCl. This solution was
standardized against standard alkali. A stock solu-
tion of ferric chloride was prepared and standardized
against standard dichromate solution. Carbonate-
free NaOH and HCI04 solutions were used for
bringing the PH at desired value. NaCI04 was used
as a background electrolyte.
All pH measurements were made with a Universal
pH meter (Radelkis OP-204, Hungary) with
extended glass and saturated calomel electrodes.
The absorption spectra of HgSSA at various pH
values were recorded on a Perkin-Elmer spectro-
photometer (model 137 UV-Vis). The absorbance
at a particular wavelength was measured with a
single beam spectrophotometer (model SF-4, USSR)
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using 10 mm quartz cells. The absorption spectra
of complex were recorded on a double beam spectro-
photometer (model SF-I0, USSR) using glass cells.
All measurements were carried out at room tempe-
rature (25°± 2°).
Results
Dissociation constants - The variation of absorp-
tion spectra of HgSSA with pH is similar to that
of SSA5. At PH ~ 1, the spectrum seems to be due
to the (-03S)C6H2(Hg) (OH)(COOH) or (-03S)C6H2
(HgCI)(OH)(COOH) ion, i.e. H2L", as addition of
perchloric acid reduces the pH of the solution but
no change in the spectrum is observed. The
maximum for the species H2L- is at 306 nm. A shift
is observed at higher pH values (>2) and this is
probably due to the dissociation of the carboxyl
group. Above pH 5, the dissociation of carboxyl
group is almost complete and no change is observed
in the spectrum in the PH range 5-10. The
maximum for the species HL2- is at 301 nm. A
change in the spectrum is observed again when the
PH is > 11 and this is due to the dissociation of the
phenolic group. Similar to SSA, a new peak is
observed at 265 nm. The intensity of this peak
varies with pH. Solutions of pH about 12, have
larger extinction coefficient in the region 250-70
nm than in the region 290-320 nm. Since solutions
0·2-0·3N in NaOH show no change in the absorb-
ance, it appears that the dissociation of the
phenolic group is complete. Hence a solution of
HgSSA in 0·3N NaOH will give the absorbance due
to the species L3-.
The absorbance at 320 nm was chosen to deter-
mine the dissociation constant of carboxyl group
as, at this wavelength, there is appreciable difference
in the extinction coefficient of the acid and its anion.
For the same reason the absorbance at 265 nm was
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chosen to determine the dissociation constant of the
phenolic group. The dissociation constant (con-
centration quotient) for carboxyl group was calcu-
lated from the relationship"
K _ [H+](D1-D)
C2 - (D-D2) ... (1)
where Dl is the absorbance due to species H2L-, D2
is due to species HV- and D is due to the mixture
of H2L- and HV-. The degree of dissociation can
be calculated from the relationship,
DI-D
CJ. = -D- ...(2)
D1- 2
If the concentration of HgSSA is C and a moles
per litre of HCI04 is present in the solution, the
total [H+J will be given by
[H+J = a+C.CJ. ... (3)
and the ionic strength will be given by
I = a+C(I+2CJ.) + [NaCI04J ... (4)
To determine KC2 solutions in the pH range 1-7
were prepared. The ionic strength was adjusted
to 0·1 with NaCI04• The absorbance of these
solutions was measured at 320 nm against identical
blank solution containing no HgSSA. The D1 and
D2 values were directly obtained from the solutions
having pH ~ 1 and pH ~ 7 respectively. [H+J
calculated from Eq. (3) was found to be in good
agreement with that obtained from the conversion
of pH-meter reading". Knowing D, D1, Dz and
[H+J the value of KC2 was calculated from Eq, (1).
In another set of experimental solutions the ionic
strength was varied by adding different amounts
of sodium perchlorate solution. The ionic strength
was calculated from Eq. (4) and the KC2 value was
calculated at each ionic strength. The results of
calculations are summarized in Table 1. When
pKcz values were plotted against [v'II(I+v'I)-
O·21J a linear plot was obtained, which on extra-
polation to zero ionic strength gave the thermo-
dynamic value, pK2•
The third dissociation constant (concentration
quotient of phenolic group) was calculated from the
relationships
KC
3
= [H+J(D-D!l ... (5)
(Da-D)
where Da is the absorbance of P-. In this case the
degree of dissociation can be calculated from the
relationship
D-D2
CJ. = ...(6)
D3-D2
If b moles per litre of NaOH is present in the
solution, [H+] can be calculated from the relationship
[H+] = b-~~+CJ.) ... (7)
where Kw is the ionic product of water. The value
of Kw depends on the temperature and ionic strength.
Kw values at different ionic strengths can either be
taken from the literature or can be calculated using
the following expressions:":
K -_ 13,996- 1.018\(1_ + 0·2611 (3)P w 1+1.09v'I ...
The ionic strength will be given by
1= b+C(1+2CJ.)+[NaCI04] ••• (9)
From stock solution of HgSSA several solutions,
in the pH range 7-12, were prepared. The ionic
strength of each solution was adjusted to 0·1
by adding the required amount NaCl04 solution.
The absorbance of each solution was measured at
265 nm against an identical blank solution containing
no HgSSA. The Dz value was directly obtained
from the absorbance of solution of pH~7. To find
D3, a solution in 0·3N NaOH was prepared in which
[HgSSA] was kept 1/2.5 times of the above value.
The absorbance value of this solution was multiplied
by 2·5 to get D3• The value of Kw is l·64x 10-14 at
1=0·1. Thus knowing the values of D, Dz, D3,
C, b, and Kw the value of KCa was calculated from
Eqs, (5) and (7). The results of calculations
TABLE 1 - SECONDDISSOCIATIONCONSTANTOF 3-MERCURI-5-sULPHOSALICYLlCACID
(C = 2·0 x 10-4211, Dl = 0'595, D. = 0'365, A = 320 nrn)
D :x [HClO.] X 103 [H+] X 103 [~aCIO.] I l(c2xl03 pI(c. F{l)*
j\1 211 M
0·520 0·326 7·0 7·065 0'1 0'107 3-42
0'505 0·391 6·0 6·078 0'1 0·106 3-91
0·500 0·413 5·0 5·083 0·1 0·105 3·58
0·480 0·500 4·0 4-100 0·1 0·104 4·10
0·470 0'543 3·0 3·109 0·1 0·103 3·70
0·452 0·622 2·0 2·124 0·1 0·102 3·49
0'+20 0·761 1·0 1·154 0·1 0·101 3-67
Mean 3·70 2·43 0·223
0·468 0'552 4·0 4-110 0·31 0·314 5·07 2·30 0·296
0·470 0'543 4·0 4·109 0·21 0·214 4·89 2·31 0·274
0·475 0·521 4·0 4·104 0'15 0·154 4·48 2·35 0'251
0·495 0·435 4·0 4·087 0·05 0·055 3·14- 2·50 0·178
0'512 0·361 4·0 4·072 0'01 0·014 2~30 2·64- 0·104
K. = 1'29 X 10-3, PK. = 2·89.
*F(l) = v7/(1 + v'il -0'21.
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TABLE 2 - THIRD DISSOCIATIONCONSTANTOF 3-MERCURI-5-sULPHOSALlCYLlCACID
(C "'" 2·0 X 10-IM, D. - 0'085, D,= 2'25, A = 265 nm)
D [NaOHJ xl0' [OH-] x 108 [NaCIOIJ 1 K ••.X 101& s»,« 1018 PKc, F(I)·
M M M
0·250 1'99 1·79 0·098 0·10 1·64 7'56
0·.55 3-98 3'78 0·096 o·to 1-64 8'94
0·640 5·97 5·77 0·094 0·10 1·64 9'80
0'780 7'96 7·76 0·092 o-ro 1-64 9'99
0'920 9'95 9'75 0'090 o-ro 1-64 10·56
Mean 9·37 12·03 0·220
1'20 9·95 9·75 0·49 0·50 1·90 20'8 11·68 0·314
HO 9·95 9·75 0·29 0·30 1·88 17·0 11'77 0·294
1·05 9·95 9·75 0·19 0'20 1·81 14'9 11'83 0'269
0·817 9'95 9·75 0·05 0·06 1·52 7·97 12·10 0·185
0·780 9·95 9·75 0·03 0·04 1'45 7·02 12-15 0·159
0·750 9'95 9·75 0'02 0·03 1·39 6·34 12·20 0·142
0·675 9·95 9·75 0·01 0·02 1·33 5'11 12'29 0·120
K. ~ 2·09 X 10-13 ; pK3 = 12, 58.
*F(I) - vII(l +vI) - 0·21.
are summarized in Table 2. In another set of ex-
perimental solutions ionic strength was varied by
adding different amounts of sodium perchlorate
solution. The KCa values were determined at several
ionic strengths (Table 2). When pKca values were
plotted against [v'I/(1+ v'1)-O·21J a linear plot
was obtained. The extrapolation of this line to
zero ionic strength gives the thermodynamic value,
pKs·
Composition of complex - It was observed that
solutions containing Feels (2x 10-4M) and excess
of HgSSA (1·2x 1O-4M) having pH values in the
range 1-3, show maximum absorption at 514 nm
(violet colour). In this range the intensity of the
band increases with pH. For solutions above pH 3,
the absorption maximum shifts towards shorter
wavelengths and an isobestic point is observed at
486 nm. This shows that only one complex is
formed between pH 1 and 3 but formation of more
than one complex may be involved at pH above 3.
To find the composition of violet complex, Job's
curve'? was constructed at pH 2·35 ± 0·05, with a
total metal ion and ligand concentration of 4·0 X
1O-4M, keeping the ionic strength constant. The
maximum at 0·5 indicates the formation of a 1:1
species.
Stability constant of 1:1 complex - HgSSA has
two replaceable hydrogens. The following reaction
takes place when Fe(III) ion is added to a solution
of HgSSA.
Fes++H2L-~FeL+2H+ ... (10)
The equilibrium constant, k~ for above reaction can
be written as
k" = [FeL][HJ2 1
1 [FeJ[H
2
LJ ... (1 )
Charges have been omitted for simplicity.
At constant pH the apparent' equilibrium con-
stant, ki is given by
,[FeL] [FeLJ
III = CFej[H~f] = {M0':='[FeLJ}{V-[FeL]} ... (12)
where MO and L ° are analytical concentrations of
metal ion and ligand respectively.
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(£c = 2038, pH = 2·35 ± 0'05, I = 0'1; Kel = 3'70 X
io=, tee, = 9·37 X 10-13)
A
(A = 514 nm)
1'2
1'6
1-6
2'0
2'0
2·4
2'4
2-8
3'2
1'33
1'32
1·01
1-16
1'06
1'20
1'30
1·23
1·23
Av.l·20±0·11
log k~ = 5'08, log <I' = 10'02; log k. = 15'10, log (k1.CF)
= 15'28; £c (from slope-intercept method] = 2041; log k~
(from slope-intercept method) = 5'07.
1'2
1-6
2'0
2·0
2·4
2·4
2-8
2'8
3·2
0'1906
0·2625
0·2812
0'3312
0'3562
0'4062
0·4375
0'4812
0'5562
The stability constant (concentration quotient)
of 1: 1 complex is defiried as
[FeL] ,
/.:1 = [FeJ[LJ = kltP ... (13)
where
c/> = (1+ [H] + _ [HJ2 ) ... (14)s», Kc2Kcs
Knowing k~ and rp at definite P[HJ(=-log [HJ), the
stability constant of the complex can be calculated
from Eq. (13).
As metal ion and ligand do not absorb light in the
region of Amax the apparent equilibrium constant can
be calculated from the following expression provided
the molar extinction coefficient of the complex, £c
is known.
k' A€c
1 = f€cMO-A}{€cf..O=A}
where A is measured absorbance.
The molar extinction coefficient of the
was determined by elimination method+.
... (15)
complex
Several
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TABLE 4 - VALUES OF k~ AND kl AT DIFFERENT PH VALUES
(I = 0·1, 111° = V = 2·0 x 10-0M, ec = 2038, A = 514 nrn, u», = 3·70 X 10-3, Kc, = 9·37 x 10-13)
[HCIOs) x IGs A [H+J X IOs P[H) k;xl0-5 k;.CF X10-5 k1Xl0-15 kl.CF X 10-15
M M
30·32 0·1812 30·50 1·52 a·ono 0·0776 2·17 2·33
20·32 0·2250 20·54 1·69 0·138 0·153 1·98 2-20
14·32 0·2625 14·58 1·84 0·254 0·295 1·95 2·27
10·32 0·2875 10·60 1·98 0·406 0·496 1·78 2·17
6·32 0·3125 6·63 2·18 0·704 0·953 1·39 1·88
4·32 0·3312 4·64 2·33 1·16 1·74 1·29 1·94
2·32 0·3500 2·66 2·57 2·15 4·04 1·05 1·97
0·32 0·3687 0·68 3·17- 4·97 22·0 0·428 1·90
*The values of kl and k ".CF at this pH are not included in the mean.
Av. 1·66±0·42 Av. 2·11±0·13
solutions were prepared by mixing FeCl3 and HgSSA
in 1:1 ratio. The pH was adjusted to 2·35 ± 0·05
by adding dilute perchloric acid and the ionic
strength was maintained at 0·1 (NaCI04). Knowing
A, Ec, MO and L0, k~ was calculated for each solution
and results are given in Table 3. The kl and
Ec were also calculated from slope-intercept method.
For this equation (15) can be written as
MOLo A MO+Lo 1- +-9=--+,. ...(16)
A E; Ec kl"c
If the value of Ec is not known, for a linear plot any
value can be assumed and then the trial value can
be refined by successive approximations using the
method of least squares.
In a computer based programme the first trial
value of Ec was taken as 1X 107 so that in the first
plot the term AIE~ is negligible. In second and
subsequent iterations the value of Ec decreases and
k~ increases until the variation between two suc-
cessive values become negligible. If one chooses
the trial value less than the true value then in
subsequent iterations the value of Ec increases and
k~ decreases. In both ways one can arrive at same
value of Ec. The values obtained this way agree
remarkably well with the values calculated from
elimination method.
Effect of pH - To study the effect of pH on the
stability constant of 1:1 complex, solutions of
Fe(III) ion and HgSSA were prepared by mixing
them in 1:1 ratio. While the ionic strength was
maintained at 0·1, the pH of the solutions was varied
in the range 1·4-3·2 by adding different amounts
of HCI04• Absorbance was measured at "max. The
k{ and kl were calculated as described above and
results are summarized in Table 4. It was observed
that there is no appreciable change in hi values in
the pH range 1·4-2·0, but above pH 2·0 the value
decreases. This may be due to the hydrolysis of
uncomplexed iron(III) ion. To account for this
the right hand side of Eq. (l3) was multiplied by
a correction factor (abbreviated as CF), 1+Kh!:H]
in which Kit is first stage hydrolysis constant for
iron(III) ion. The value of K, at I = 0·1 was taken
from the literature-s. After introducing this correc-
tion a consistency in the result was observed.
When logarithm of ki (1+K hi [H]) was plotted
against pH, a linear plot of slope 2 was obtained.
This suggests both the phenolic as well as the car-
boxyl group dissociate during the complex formation
and reaction takes place according to Eq. (10).
Discussion
The pKc2 and pKca values of SSA is 2·44 and
11·90 respectively". Comparing these values with
that of HgSSA it can be concluded that the substitu-
tion of Hg has negligible effect on the dissociation
of carboxyl group whereas it decreases the dissocia-
tion constant of phenolic group. The electron donor
characteristics of Hg is further demonstrated by
the fact that the stability constant of Fe(III)-Hg
SSA (15·28) is greater than the stability constant
of Fe(III)-SSA (14·78). In the case of Fe(III)-
phenol complexes it has been reported1a•14 that
bathochromic shift in the absorption spectra takes
place when a electron donor group is substituted
in the ring. The "max of Fe(III)-SSA complex is
506 nm while that of Fe(III)-HgSSA is 514 nm which
also shows that Hg behaves as an electron donor.
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